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Summary 



Slide File * is designed io take the place of slide scanners in studios as the prime 
source of broadcasl-capiions and still pictures It stores still pictures in electronic digital 
form and enables them to be selected for transmission by a simple 'cut' or crossfade 
operation. Such a store provides a convenient means of handling still pictures generated 
using new electronic techniques as well as handling pictures derived from scanning slides. 

Slide File has an RGB input and two RGB outputs (Main and Preview), each fed 
from a YUV picture store. One or two 8" Winchester Disc Drives, store 84 to 344 pictures 
with an access time of one second. 1/4" Streaming Tape Cartridges provide longer term 
storage of up to 74 pictures each. The system may be controlled by up to 5 remote control 
panels. The 6809 control microprocessor may also be used to process the stored pictures to 
remove impairments commonly found when a picture is grabbed from a moving picture 
input or decoded from a composite (PAL/NTSC) input 

* Slide File is ihe trademark of an item of equipment manufactured by Rank Cinlel. 
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Introduction 



Many broadcasters now have the facilities to 
generate graphs, maps and other illustrations by 
computer.' There is also a range of freehand electronic 
drawing systems^and complex text generators%hich 
enable the graphics designer to produce pictures using 
solely electronic techniques. It may not be practicable 
to broadcast the output of all these devices directly as 
such facilities are frequently shared between a number 
of television studios or are installed in a separate area 
and operated by design staff rather than members of 
the programme production team. Also, the devices 
often change pictures at too slow a rate to be used 
directly during a programme. 

These new electronic methods of generating 
still pictures have therefore created a demand for a 
means of storing pictures and selecting them for 
transmission in a television studio. Because of the low 
cost and high speed of computer data storage devices, 
it has recently become feasible to construct a digital 
stills store with modest storage which can fulfil this 
demand and can be economically installed in each 
television studio. Such a stills store has other 
important uses. It can provide a more stable and 
reliable method of displaying pictures derived from 
photographic slides than repeated scanning in a slide 
scanner. In addition, it can be used to grab and store 
still pictures from any television signal. 

Although other digital stills stores are 
commercially available, they are designed to operate 
as large centralized library systems. The requirements 
of a studio stills store have been found to be different 
from those of a library system. Far fewer stills are 
required at any one time in a studio. This simplifies 
the access and search requirements and allows a much 
simpler operatioji by staff, who need no special 



training. 

This Report describes the development of a 
studio stills store designed to meet the above 
requirements. Section 2 describes how a prototype was 
first constructed and tested in the BBC Television 
Studios and Graphic Design Department. As a result 
of these tests a range of special features was 
incorporated to allow some processing of stored 
pictures and to enable pictures to be easily conveyed 
between stores using a pocket-sized tape cartridge. The 
lessons learnt on the prototype were then incorporated 
into the design of a production version which is now 
marketed, by Rank Cintel, under the name 'Slide File'. 
Section 3 outlines the hardware specification, and 
Section 4 the ergonomics of this system. The hardware 
and software used to implement these specifications is 
described in Sections 5, 6 and 7. 

2. Development and testing of the early prototype 

An early prototype stills store was rapidly 
assembled so that pictures composed using the Logica 
'Flair' electronic graphics equipment^ could be 
broadcast. It was also used to assess what facilities 
were required in a studio stills store, to establish 
ergonomic aspects and to find out how such a store 
could be interconnected with other studio facilities. A 
general schematic of this equipment is shown in Fig. 1. 
Internally pictures are stored and processed in digital 
YUV component form using the 13.5 MHz 
internationally agreed sampling frequency standard.* 
The inputs and outputs are analogue RGB and sync. 
Two semiconductor picture buffer stores are used so 
thai new pictures can be transferred between one store 
and the disc drive, which can store up to 40 pictures, 
while the other store is used to output a picture. This 



video outputs 



video 




lower data rate video ond control 



Fig. ] - General schematic of early 
prototype still store. 
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arrangement is necessary because pictures cannot be 
output from the disc drive at the full digital television 
rate. In the early prototype system it takes some 2 
seconds to transfer one picture from the disc drive. 
The production systems take just under 1 second. 

The control panel for the first prototype store 
enables pictures to be input, recorded or viewed using 
a numerical keypad and a group of dedicated buttons. 
In addition a 'cut' button is provided so that pictures 
that have been stored in sequence can be replayed 
using the single button. This transfers the picture being 
previewed to the main output and automatically 
fetches the next picture to the preview output. 

In tests, it was found that the stills store could 
be readily interfaced with cameras, slide scanners and 
other television sources, although some of these 
required a PAL decoder to be used. Fig. 2 gives an 
illustration of the temporary installation of the stills 
store in a studio. Production staff quickly appreciated 



aspects of the studio store have been refined and 
incorporated in the production version of the store 
(see Section 4). 

3. General specification of the production stills 
store 

The general schematic of the production store 
is shown in Fig. 3. This shows rather more detail than 
Fig. 1. 

Like the prototype, the production store has 
two picture stores connected to a common video 
input. However, instead of feeding the two outputs 
through a simple changeover switch, a crossfade unit 
is also included in one of the two outputs. This allows 
fades to and from black as well as crossfades between 
the two stored pictures. Like the prototype, the data 
flows between the picture stores and the Winchester 
disc(s) over a (computer style) System Bus by a 
process known as Direct Data Transfer (DDT). The 



camera 


H^ 1 

gZ 


existing 
RGB 

monitoring 


/? 








channels 


G 










— »- 


B 




caption 
scanner 









1 


simple coded 
signal selector 










PAL 
decoder 


contribution 
lines 


1 
1 









studio 



/3 



/3 



stills-store 




PAL 
coder 


distribution 






and mixer 








preview 
monitor 

















F\%. 2 - Temporary studio installation. 



the facility to 'grab' pictures from any incoming 
television signal. A series of processing routines had to 
be added to remove movement effects from grabbed 
pictures and to suppress any residual PAL effects not 
completely removed using a standard form of PAL 
decoder (see Section 7. 1 ). 

It was also found that a range of additional 
facilities were required. Contents pages, which display 
30 pictures at reduced size, were added to enable 
pictures to be quickly reviewed (see Section 7.2). A 
streaming tape cartridge recording and replaying 
system was added so that production staff could retain 
copies of stills and so that pictures could be conveyed 
from one store to another (see Section 5.2.3). 

Based on the findings of tests with the rapidly 
assembled prototype system and on discussions with 
production staff and studio engineers, ergonomic 



1/4" Streaming Tape Drive is also connected 
to this bus. The system is controlled and picture 
processing is carried out by a microcomputer. This 
accepts instruction? from up to 5 remoteable 
control panels. 

The brief specification is: 

Picture Storage 

Video format: 8-bit digital YUV sampled at 
13.5 MHz, 6.75 MHz. 

Short term: 2 semiconductor picture stores. 

Mediumterm: One or two 8" Winchester drives 
— capacity depends on size of 
drives used and is currently either 
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Overall Block Diagram 



84 or 172 pictures per drive. 
(Picture transfer time -1,0 sec). 

Long term: U cartridge tape drive - 

capacity depends on length of tape 
in cartridge and is currently 
between 54 and 74 pictures. 
(Picture transfer time -12 sees), 

Picture Input/Output 

Video Format: Analogue RGB -I- sync. 

Synchronisation: Output and input locked to 
independent sync pulses. 



Control 



1 to 5 remoteable control panels 
can be used. 



Connections via Serial RS422 lines. 

4. Ergonomics of lh« studio stills store 

The main control requirement, established 
during tests with the rapidly assembled store, was that 



simple operations of selecting stills for transmission 
and crossfading between them should be easy to 
perform, without the need for extensive training. This 
is best achieved by using one of the two outputs as the 
main/transmission output and the other as a preview 
output. 

Fig. 4 shows the standard control panel. 

Pictures are transferred from preview to main 
by a 'cut' button or by a fader paddle. This fader 
performs either a mix (crossfade between main and 
preview) or a fade to/from black, as selected by a 
mix/fade button. These are the only controls which 
have any effect on the main output, which is 
automatically protected against inadvertently showing 
such things as new pictures being written into the 
store, polyphoto displays, clean-up operations or tape 
operations. 

All pictures on the main output are first played 
into the preview output. Cut or mix/fade operations 
automatically put into preview a new stored picture. 
There are two modes of operation selected by the 
'mem' button. In the library mode, pictures are put 
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Fig. 4 - Standard Control Panel 



into preview in numerical order according to the 
'Library numbers' given to the pictures when they are 
recorded. In the memory/sequence mode they are 
selected according to a previously edited sequence. 
Increment (!) and decrement (1) buttons can be used 
to skip or backtrack and full random access is 
provided by a numeric keypad. 

The operations performed 'on-air' have thus 
been kept as easy to use as possible. 

The 'polyphoto' button displays on the preview 
output 30 small pictures from the library or sequence 
either side of the current preview still, which is 
identified by a flashing cursor (see Fig. 5). If the 
cursor is moved away from the centre three rows, then 
the whole display is automatically soft scrolled to 
move the cursor back. If any change is made to the 
sequence, by using the 'insert', 'delete' or 'replace' 
keys, then the polyphoto display is automatically 
updated to match. This makes sequence editing 
extremely easy. 

Pressing the 'input' button displays the input, 
which may be totally asyncronous to the outputs, on 
the preview output. Releasing the 'input' button freezes 
the picture and stores it in a 'scratch pad' location on 
the disc. It may later be moved to a more permanent 
location using the 'record' button and numeric key 
pad. The record operation shows the operator the 
picture which is about to be overwritten. It then 
moves it to the scratch pad, to give him a second 
chance to recover it. 

'Clean-up' is used to initiate one of 10 
computer picture processing operations, which remove 
impairments commonly found on grabbed inputs. 
PAL/NTSC footprints (cross colour and cross 
luminance/subcarrier dots) and differences between 



the two fields caused by moving inputs can be 
removed. These might otherwise cause serious flicker 
on the final output. The clcan-up operations take 
between 10 and 50 seconds and finish by recording 
the processed picture in the scratch pad. The operator 
may then move it to any convenient location. If 
required, the original may be over-recorded. 

Tape operations are initiated using the 'load' 
and 'save' buttons. The sequence of pictures to be 
saved on tape, or the destinations of pictures to be 
loaded from it are controlled by the sequence editing 
keys in conjunction with a polyphoto display. A 
polyphoto is recorded on the beginning of the tape to 
allow the contents of a tape to be quickly reviewed, 

4.1 Special control panels 

The range of facilities required to allow 
sequences to be edited, poly photos to be displayed and 
the processing and tape cartridge operations to be 
initiated cause the control panel to be somewhat more 
comphcated than the ideal. This problem can be 
largely overcome by considering who needs to operate 
a stills store installed in a studio and what facilities 
that operator requires. 

The existing slide scanners are controlled from 
the Production Control Room (PCR) by the Vision 
Mixer and the BBC propose to continue this practice 
with the stills store. Because of the pressures for panel 
space on the PCR desk, a simplified panel has been 
made available that can drive either a slide scanner or 
a stills store. This panel has no 'EDIT' facilities and is 
shown in Fig. 6. 

Comprehensive control of the stills store is 
provided at the equipment bay using the panel shown 
in Fig. 7. In addition to the controls of the simplified 



(PH-276) 



-4- 




Fig. 5 - Folypholo display 



Fig. 6 - PCR Control Panel 








^3'- 



(PH-276) 




Fig. 7 - Full facilities Control Panel. 



panel, controls are provided to enable stills sequences 
to be programmed and edited, the tape cartridge to be 
operated and control to be delegated to other panels 
using the 'BEST 1' to 'DEST 5' buttons. 

5. Hardware 

5.1 Video processing 

The system handles digital colour pictures in the 
EBU/CCIR recommended 4:2:2 YUV format.* The 
luminance signal is sampled at 13.5 MHz giving 864 
samples in a complete line period; however, only 720 
samples are stored per line period, the omitted samples 
being taken from the line blanking interval. The two 
chrominance signals are each sampled at 6.75 MHZ, 
360 samples of each being stored per line period. It 
will thus be easy to add an EBU/CCIR digital 
interface* when it becomes necessary to connect to 
other digital equipment using it. 

In the meantime, both the input and output 
ports convert between the above digital signals and the 
analogue RGB inputs and outputs. Analogue RGB 
was chosen as the interface to the outside world since 
it provides the highest possible quality and thus gives 
the greatest flexibiUty. Many studio sources (e.g. 
cameras, slide scanners, caption generators and 
graphics systems) can provide RGB inputs, and RGB 
outputs are particularly suited for connection to some 
destinations. Analogue PAL sources and destinations 
can be accommodated by fitting conventional 
analogue decoders and encoders on inputs and 
outputs. However, storing two fields of incompletely 
decoded PAL, and then applying the resulting still 
picture to a second stage of composite PAL encoding 
and decoding, can give rise to particularly distracting 
effects*'; so software routines have been added to 
process the stored pictures, as described later in 
Section 7.1. 



5.1.1 input porl 

The video input port is shown ir more detail 
in Fig. 8. The analogue RGB inputs are converted to 
8-bit digital signals by three identical ADC units, each 
containing a 5.5 MHz {+-0.1dB) low-pass filter, a 
clamped input amplifier and an 8 bit single chip 
ADC. The input gain and clamp levels are set to place 
black (0 volts) at level 16 and white (0.7 volts) at 
level 235, as recommended by the CCIR.'' 

The digital R,G and B signals from the ADCs 
are matrixed to Y, (B-Y)/2, (R-Y)/2 in the RGB to 
YUV matrix unit. The (B-Y)/2 and (R-Y)/2 are tow- 
pass filtered to 3.375MHz ready for subsampling at 
6.75 MHz, in transversal filters. These filters also 
increase the gain of the chrominance signals so that 
100% colour bars occupy the range from level 16 to 
level 240 (with grey at level 128) as recommended by 
the CCIR''. The two filter modules have the same 
frequency response but different gains. 

The normalised chrominance signals are sub 
sampled at 6.75 MHz (i.e. alternate samples are 
discarded) and multiplexed together before being sent 
to the picture stores. The luminance signal is delayed 
to match the chrominance signals and also sent to the 
stores. 

All the above operations are controlled by a 
clock pulse generator which generates timing pulses 
locked to input mixed syncs. The picture stores are 
operated by clock pulses locked to a separate 'output' 
mixed sync reference. The digital video input to the 
store is synchronised to the output clock pulses by 
passing it through a First In First Out (FIFO) buffer. 
This is further described in Section 5.2. 1 . 

5.1.2 Output port 

Fig. 3 shows how the outputs of the two 
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picture stores are selected, mixed, and sent to the main convert the digital YUV signals to analogue RGB, are 
and preview output ports. The output ports, which shown in more detail in Fig. 9, 
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Because the chrominance signals are sub- 
sampled at 6.75 MHz extra samples must be 
interpolated before they can be matrixed with the 13.5 
MEfz luminance signal. The interpolation is done in 
two stages. First the sample rate is doubled by the 
demultiplexer which repeats the previous sample. The 
resultant 13.5 MHz signal is then applied to a digital 
transversal filter which reduces aliasing components 
and achieves an overall low-pass characteristic 
allowing for the effects of sample rate doubling. 

The 13.5 MHz sampled YUV signals are 
matrixed to RGB before being converted to analogue 
in three DAC units. These units each contain a single 
chip 8-bit DAC, a 5.5 MHz {+-0.1dB) low-pass filter 
(to remove alias components) and an output amplifier 
which provides three 7511 outputs of 0.7 volts (levels 
16 to 235). 

5.2 Storage 



be able to accept data from remote sources which are 
not necessarily locked to the same synchronising pulses 
as the output (station) syncs. This is overcome by 
interposing a First fn First Out (FIFO) buffer between 
the input port and the store board. This FIFO accepts 
data from the input port using clock pulses locked to 
the input syncs. 

When the FIFO is half full, the data starts to 
be clocked out of the FIFO into the store board using 
the clock pulses locked to the output syncs. The FIFO 
remains roughly half full until the end of the input 
active line. Data input then stops but the FIFO 
continues to be read into the store until the FIFO is 
once more empty ready for the next input line. The 
input and output ports may thus be completely 
asynchronous provided the frequencies are not so 
different that the FIFO fills or empties during one 
active TV line. This would require a frequency 
difference of ± 4%, which is well outside normal TV 
tolerances. 



5.2.1 Semiconductor stores 

Two picture stores are used to service the two 
output ports so that while the picture in one store is 
being displayed on the main output, the next picture 
can be transferred from disc (or tape) into the other 
store. 

As shown in Fig, 10, each store has a real-time 
video output, an independent real-time video input, 
and a slower speed bi-directional data port. The data 
port is used to transfer information from/to disc, tape 
or central computer, via the system bus. 

The capacity of each store is 1024 Kbytes 
which is provided by J 28, 64 Kbit dynamic RAMS, 
Dynamic RAMs are comparatively slow and can only 
read or write every 300 ns whereas real-time video 
data requires one 16-bit word (8 bit Y plus 8 bit 
chrominance) every 75 ns. To overcome this problem, 
the store assembles a block of eight of these words in 
sixteen (8-bit) shift registers and writes all 128 bits 
into the 128 RAMs simultaneously. 

The video input thus only needs to access the 
RAMs every 600 ns. An inverse process is used during 
reading with all 128 RAMs being read simultaneously 
every 600 ns. The RAM timing pulses and video read 
and write addresses are generated by a separate store 
control board. This also handles the bi-directional data 
and generates the addresses for system bus access. 

The read and write accesses thus occur 
alternately at intervals of 300 ns. This has the 
undesirable effect of locking the video write liming to 
the video read timing, whereas we require the input to 



The bi-directional data port also reads the 
RAMs 128 bits (8x16 bit words) at a time into shift 
registers. It shares the 300 ns access intervals otherwise 
used by the video write port, which is only used 
occasionally, when capturing input data. The store 
control board contains circuitry to shift the data in the 
shift registers until the required word is accessible at 
the output. 

Meanwhile, the unwanted data is rotated back 
into the register so that it will still be available without 
waiting for another store RAM access. The system 
may read or write either or both of the two 8-bit 
bytes in the word. If the system modifies the block in 
any way, then, before accessing another block, the 
current block is automatically rotated back into the 
shift register and written back into the RAMs before 
reading the next block. 

The system bus accesses the store by writing a 
20-bit store address into a set of 'current store address' 
registers, and then reading from or writing to the store 
data ports. There is a set of eight store data ports 
available to the system each accessed at a different 
address. One of these ports accesses the data at the 
'current store address'. 

Other ports access the current store address 
plus one, plus a preset increment, minus increment, 
plus increment plus one, or minus the increment plus 
one. In each case, the current store address is left set 
to the address last used. So it is possible to read (or 
write) data from successive locations by repeatedly 
accessing the store via the 'address plus one' port. 
This greatly simplifies the transfer of pictures from 
disc or tape. Similarly, it is possible to access 
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vertical columns of the picture by presetting the 
increment to the 'number of bytes per line' and then 
accessing the address plus increment 
{or address minus increment) port. This is used when 
processing pictures to remove impairments caused by 
freezing moving' interlaced or PAL decoded input 
pictures. 

5.2.2 Disc 

Medium term storage is provided by 
'Winchester' disc drives. Winchester disc drives store 
data on one or more rigid magnetic discs. To achieve 
a high packing density very narrow head gaps are 
used and the flying height is kept very low. When 
power is removed the heads land on the lubricated 
surface, usually in a special data-free landing zone. To 
achieve a high transfer rate and a low latency time 
(time waiting for the right part of the disc to come 
round), the discs rotate at a high speed of typically 
3600 r.p.m. 



All these characteristics mean that the system 
is very sensitive to dust and smoke particles etc. 
(Scaled up, the head would be like a Jumbo Jet flying 
three feet above a motorway with particles of cigarette 
smoke the size of family saloons!). So the discs and 
heads are kept in sealed-for-iife enclosures containing 
highly filtered air. The discs are not therefore normally 
removeable and so the drives have a fixed total 
storage capacity. 

The Prototype store used a 45 Mbyte 
Winchester disc to store 40 pictures. This was the 
largest 8" Winchester disc drive available at the time. 
Slide File was designed with an 84 Mbyte disc to store 
84 pictures. A drive was chosen with the industry 
standard SMD (Storage Module Drive/Device) 
interface. This has allowed a 168 Mbyte device to be 
easily incorporated by simply altering a few constants 
in the control software. As disc technology improves it 
will be easy to use still larger drives, and a second 
SMD port allows for further expansion. 
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The 84 Mbyte Winchester disc drive has 4 
discs with a record/replay head associated with each 
of the 7 recording surfaces. Data is replayed from one 
head at a time at a rate of 1.2 Mbyte/s which is 
determined by the data packing density and the 
rotation rate of the discs, (3,600 rpm). One picture 
requires 45 data recording tracks, or 6V7 cylinders of 
7 tracks each. The time taken to replay a picture is 
determined by the hardware of the disc drive and the 
way in which it is controlled. Since it takes a finite 
time to switch heads or reposition the heads, the start 
of each track is 'skewed' with respect to the previous 
track. In this way, the time wasted waiting for the 
start of a track to pass under the replay head is 
minimised. 

The disc drive control software (see Section 
6.4) is resident in the Slide File control computer (see 
Section 5.3.1). The disc interface circuit shown in Fig. 
II, connects between the Slide File system bus and 
the SMD cables to the disc drive. 



Data to be written on the disc is first 
transferred to a 4 Kbyte FIFO (First In First Out) 
buffer, which evens out the flow of data allowing 
drive the to operate largely independently of the 
source (or destination) of the data. Transfer of data 
between the FIFO and the disc drive is controlled by 
a sequencer which operates under instructions from 
the control computer (which is not fast enough to 
control the operation directly). FIFO data is converted 
to serial form in the shift reqister and sent to the disc 
drive data cable (B) through the Cyclic Redundancy 
Check (CRC) circuit which adds a 16-bit CRC to the 
end of each block of data. The disc drive performs 
Modified Frequency Modulation (MFM)' channel 
coding before writing the data on the disc surface. On 
replay, the disc drive performs MFM decoding and 
clock recovery before sending the data back to the 
interface through the data cable (B). In the interface, 
the serial data is converted back to 8-bit parallel form 
in the shift register and written into 
the FIFO. The shift register also passes the serial data 
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The control cable (A) is used to select the 
required disc drive, to instruct the drive to move its 
read/write heads to the required position, to select the 
correct read/write head and to enable data reading 
and writing. The control computer controls these 
operations by writing data into the buffers connected 
to the control cable (A). It also checks that the 
requested operations have been completed by reading 
status information from the drive. 



through to the CRC circuit which sends an interrupt 
to the control computer if ever it delects an error. 

The data written on the disc is divided into 
blocks called sectors. Each track contains eighteen 1 
Kbyte sectors. The sectors are separated by short gaps 
and each block of data is preceded by a header 
containing the unit number, cylinder number (head 
position) head number and sector number. The 
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headers are written on the disc in an operation known as 
formatting which is normally carried out only once as part 
of system initialisation. During formatting the system's 
control computer writes the header information into a 
header RAM and the sequencer transfers it to the disc. 
The computer also loads the header RAM before any 
normal data read or write operation. An 8-bit comparator 
is then used to compare the header data coming off the 
disc with the information in the RAM, Only when an 
exact match is found does the sequencer start the transfer 
of data between FIFO and disc drive. The sequencer also 
sends an 'on sector' interupt as soon as data transfer starts, 
so that the control computer has plenty of time to alter the 
data in the header RAM in readiness for the start of the 
next sector. Successive sectors are thus transferred 
without interruption. When all eighteen sectors have been 
transferred the system control computer can instruct the 
drive to select another head or move the heads. The 
sequencer provides an 'off sector' interrupt to let the 
computer know when it is safe to do this. 

5.2.3 Tape 



Long term (archival) storage is provided by W" 
streaming tape cartridges, each holding up to 74 pictures. 
These also provide one way of transferring pictures 
between machines, other ways being via an analogue 
video connection, and, possibly with future development, 
via a digital video path. 

'/4" streaming tape cartridges were chosen for this 
application because they are; 

(1) Compact - 150 x 100 x 16 mm. 

(2) Rugged - metal base plate and tape cover. 

(3) Cheap - £20 for 74 pictures. 

(4) Standard - DC300XLP or DC600A cartridge 

QIC- 24 data format. 
QIC-02 drive interface. 



DC300XLP cartridges contain 450 ft of V^ " 
magnetic recording tape. DC600A tape cartridges 
contain 600 ft of higher coerdtivity tape. Data is recorded 
on the tape in nine parallel tracks, one track at a time, in 
what is called a 'serpentine' pattern (Fig. 12). This means 
that at the end of each track the head moves to die next 
track which is then recorded with the tape moving in the 
reverse direction. 'Group coded' data is recorded at 
8,000 bits per inch (10,000 flux reversals per inch). The 
tape travels at 90 inches per second and would thus take 
60/80 seconds to cover each (450/600 ft) track if the tape 
is run continuously or 9/12 minutes for all nine tracks 
(54/74 pictures). 

The intelligent tape drive handles ail the data 
encoding, recording, replay and decoding as well as the 
motor and head position control. The drive is connected 
to the stills store by the simple QIC-02 standard interface. 
This consists of a bi-directional 8 bit data bus and a set of 8 
handshake lines. These allow the drive to accept 
commands and data and return data and status 
information. 

The drive unit buffers the data so that the data 
transfer rate to and from other units need not be related to 
the rate of writing or reading the tape. The maximum 
transfer rate is controlled by the handshake lines which 
stop the transfer when the buffer is full during record, or 
when it is empty during replay. On the other hand if the 
transfer rate is too slow (because the system is busy doing 
something else) then the buffer will eventually empty 
during record, or fill during replay. If this happens the tape 
will automatically stop. When there is once more 
sufficient data in the buffer for record, or space in the 
buffer for replay, the tape will automatically back up and 
restart. However, this automatic stop, back up, restart 
cycle takes about a second and greatly slows the system if 
it happens too often. Slide File's control software is 
designed to keep the tape streaming as continuously as 
possible. The tape only stops between pictures. 

Most of the tape (Fig. 13) is reserved for data from 
74 pictures, each requiring 812 Kbyte. Each picture is 
preceded by a 'File Mark' so that if an unrecoverable data 
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error occurs the tape can still advance unambiguously 
to the beginning of the next picture. 

The main picture data is preceded by up to 74 
small (one*sixth size) pictures which may be loaded 
much more quickly than full-size pictures into Slide 
File. The operator may then select the pictures he 
requires and specify where he wants to record them 
on disc (i.e. which pictures he wants to overwrite). 
The tape drive then continues to read the full size 
pictures with Slide File recording on disc only the 
ones that the operator requires. When the last required 
picture has been replayed the tape is automatically 
rewound. 

The small pictures are preceded by a 512-byte 
header block containing the following information: 

(1) Number of pictures (1 byte). 

(2) TV standard (1 byte) 00 = 525,01 = 625. 

(3) Format revision number {1 byte). 

(4) Status of small pictures (1 byte per 
picture)* 

00 = unfiltered, (quickly made) 
small picture, 

01 - filtered small picture which 
may not exactly match large 
picture (e.g. because large picture 
may have been subsequently cleaned 
up), 

02 = accurate filtered small picture. 

The tape drive does not allow the data to be 
selectively overwritten. Previous recordings are auto- 
matically erased by a full width erase head, as the first 
track is recorded. This means that although it would 
be possible to append extra pictures to the end of 
the tape, it would not be possible to insert the 



' The various processes fnvolved In making small pictures (described in 
Section 7 2) may be at any stage wtien pictures are saved' on a tape. 



corresponding small pictures (even if space had been 
left for them). Nor would it be possible to amend the 
header. Thus the only way of editing a tape is to load 
pictures into Slide File, edit them, and then re-record 
the entire tape. 



5.3 Control 

5.3.1 Computer 

The system is controlled by a microcomputer 
connected to up to five control panels. The micro- 
computer interrogates the control panels, interprets the 
key presses and issues the necessary instructions 
(control bytes) to the disc (see Section 5.2.2), tape (see 
Section 5.2.3), store (see Section 5.2.1) and crossfade 
unit etc. It may also read the data in the disc, tape or 
picture store and process it to remove impairments or 
to create small pictures to be used in the 'polyphoto' 
display. The computer is fairly heavily loaded since it 
is the only intelligent part of the system and its 
software is structured such that the highest priority 
tasks are progressed whilst further control requests are 
regularly checked. 

The heart of the computer (Fig. 14) is a 
Motorola 6809 8-bit microprocessor (CPU) connected 
to 64 kbytes of dynamic RAM or ROM. The five 
control panels are connected through RS422 drivers 
and receivers to five UARTs (Universal Asynchronous 
Receiver Transmitters). A PTM (Programmable Timer 
Module) is used to ensure thai the CPU performs 
operations such as interrogating the control panels and 
the disc on a regular basis. A few parts of the system 
are checked and controlled through a PIA (Parallel 
Interface Adaptor). But most of the system is 
controlled through a 'system bus' which is an 
extension of the microprocessor's data and address 
buses. 

The system bus connects the CPU, store 
control, disc interface, tape interface and crossfade unit 
(see Fig. 3). As well as handling control data given 
out by the computer and status information sent back 
to it, this bus carries the video data between disc, tape 
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and store under the control of Direct Data Transfer 
(DDT) contro] logic, which is in lurn controlled by the 
computer. The bus operates at a data rate of 2 Mbyte/sec, 
which is sufficient to handle the 1.2 Mbyte/sec disc data 
or 83 kbyte/sec tape data. 

The data and address buses on the computer 
board are isolated from the system bus by bi-directional 
buffers. These buffers allow the the system bus to be used 
for high speed DDT controlled data transfer, while the 
CPU continues to operate using its own local bus to 
communicate with its memory, UARTs, PTM and PIA 
etc. The CPU may also still use the system bus at any time 
since the DDT controller automatically halts to give the 
CPU priority on the bus. This does not significantly slow 
down DDT operations since the CPU does not make use 
of a very high proportion of the bus time. 

This isolation of the local bus allows the CPU to 
remain in full control of the system at all times. It can get 
ready for the transfer of the next block of data during the 
current transfer so that there is the minimum time delay 
between transfers. It can control the operation of the disc 
drive on a sector by sector basis ensuring that the disc is 



transferring data to or from its FIFO buffer without any 
unnecessary interruptions. The CPU can thus take over 
the functions of an intelligent disc controller ensuring that 
the disc is used in the optimum way for this application. 

This use of the system bus to transfer data has 
proved very effective. It saves having to add a separate 
video data routing system or separate video data bus and 
it allows the CPU access to all data including video data. 
Had the video data travelled via a different path then it 
would have been more difficult for the CPU to access the 
video data. In Slide File, the system bus is locked to the 
speed of the processor and is thus limited to 2 Mbyte/sec, 
but there is, in principle, no reason why the bus could not 
have run at a higher speed asynchronous to the computer, 
had this been necessary. 

5.3.2 Control panels 

A number of different control panels are available 
for controlling the system (see Section 4). These each 
contain a selection of the following:- 

(I) a numeric key pad. 
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(2) a selection of control buttons, most of 
which can be illuminated either dimly to 
indicate that the function is available, or at 
full intensity to indicate that it is active. 

(3) LED numeric displays to identify the 
pictures on main and preview outputs. 

(4) A linear fader to control mixes and fades 
on the main output. 

(5) keyswitches to disable the system and to 
activate the 'dangerous' operation of 'master 
clear' which erases all the pictures on the 
disc. 

Information is passed between the computer 
and control panels along a standard RS422 serial line 
as a series of 8-bit bytes. Each byte that the computer 
sends to the control panel consists of 4 address bits 
and 4 data bits. The address bits are decoded by the 
control panel and used to route the 4 data bits to 
required destinations where they are used for various 
purposes such as controlling LED displays or 
illuminating control buttons. 

For one 4-bit address, the 4 data bits sent from 
the computer provide different messages requesting the 
control panel to send back a byte indicating either the 
position of its fader or the state of a group of control 
buttons and keyswitches. The position of the fader is 
sent as an 8-bit number obtained from a single chip 
analogue-to-digital converter. The state of each group 
of up to 15 buttons or keyswitches is priority encoded 
to give a 4-bit code which identifies the most 
significant of the buttons which is depressed. If no 
button is depressed the hexadecimal code 'F' {decimal 
15) is sent. If one button is pressed its code is sent. If 
two buttons in the same group are pressed the lowest 
of the two code words is sent. (With this arrangement, 
the computer cannot detect certain combinations of 
key presses, but the buttons are grouped so that this 
does not matter). To cope with up to 45 buttons/key- 
switches, two 4-bit codes are sent in response to one 
computer request and a third 4-bit code is sent in 
response to a different computer request. 

6 Software 

6.1 Language 

The software for the control microcomputer 
was written mainly in a high level programming 
language called 'Pascal'. The use of a high level 
language saves programming time, because most of the 
standard computing functions are supplied by the 
compiler. Pascal was designed to encourage the 
writing of well structured, easy to read software. It is a 



very 'strict' language which means that it is very 
difficult to make simple programming or typing 
mistakes that the compiler does not spot. The only 
real disadvantage of a high level language, like Pascal, 
is that the compiled programs tend to be larger and 
run more slowly, than programs written in assembly 
language. 

Program size is not a real problem in Slide 
File. The computer was designed with as much 
memory as the 6809 microprocessor can address and 
at present all software is automatically loaded from 
disc on power up. 

Most of the time, speed is not a problem 
either. However, certain operations require the com- 
puter processing of picture data and these operations 
should be as fast as possible. Some low level routines 
were therefore rewritten in 6809 assembly language. 
This reduced the time taken to perform a 'clean up' 
operation (see Section 6.7.1) from 5 minutes to 40 
seconds whilst maintaining the high level program 
structure. 



6.2 Development 

The prototype store was built round a standard 
bought-in computer system which included two 8" 
floppy disc drives and ran the CPM operating system. 
This allowed the Pascal compiler and assembler to be 
loaded from floppy disc and so generate object code 
which could be immediately tested. The Slide File 
contains a purpose-built computer system. All software 
was initially written and compiled on a separate 
'Exerciser' development system and downloaded to 
Slide File for testing. 

Slide File software is now being supported 
using a Pascal cross-compiler running on Research 
Department's VAX minicomputer. This is a multi- 
tasking, multi-user system enabling engineers to work 
developing the software while previous changes are 
being compiled. 

6.3 Requirements 

The main function of the computer and its 
software is to read the control panel(s) and carry out 
the required operations. It finds out the state of a 
control panel's buttons and faders by sending requests 
for data to the panel through a UART and later 
reading the reply from the UART. When carrying out 
these operations, the CPU sends LED and lamp data 
to the panels to inform and prompt the operator, and 
thus achieve a good ergonomic 'feel' to the control 
panels. 
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Most operations require the CPU to control 
the hardware in some way (e.g. to transfer data 
between store, disc and tape under DDT control or to 
control video flow into the stores or from the stores 
through the crossfade unit to the main and preview 
output ports). This control is achieved by the CPU 
writing control bytes to hardware control registers, 
often after first checking that the time is right by 
reading status bytes from hardware status registers. 

The computer memorises sequences, directory 
and status information, and periodically records it onto 
disc so that it is still available after the system has 
been switched off. The computer processes pictures to 
remove impairments and creates small versions for use 
in the polyphoto display. In its spare time the 
computer also checks the integrity of the system, 
especially the disc drive, and reports and, if possible, 
corrects any faults found. 

The software is written so as to give the 
impression that the computer is performing all these 
functions simultaneously. In particular the control 
panel never goes dead because the computer is too 
busy to respond. 

6.4 Structure 

The full listing of the Pascal source code is 
some 10,000 lines Jong. Fig. 15 shows the program 
structure* to a depth of up to 4 levels. After 
initialising all the hardware and software, the program 
enters an indefinite loop. The loop repeatedly calls a 
procedure called 'Main Body' which examines the 
global variables describing the current state of the 
system. When 'Main Body' finds something that needs 
doing it calls another lower level procedure to do it. 

Thus if the operator moves the fader or presses 
or releases a key, 'Main Body' will call 'Fade 
Respond' or one of the 'Key Respond' procedures, to 
initiate the appropriate action. If he holds down 
'increment' or* 'decrement' keys the 'Timed Key 
Respond' procedure will be invoked. 

Often the action taken in response to a key 
press is not direct. It merely alters the contents of 
global variables which act as messages for other parts 
of the software to act on, when there is time. For 
example 'View Next' is called to replay a picture or 
move the cursor on the polyphoto display whenever 
the variable 'Next' changes. 'Poly Update' makes sure 
that the polyphoto display on the preview output 
matches the lists in the computer. If necessary, it plays 

*A structure diagram (Reference 9) is the software equivalent of a 
block diagram, it shows only Ifiose procedures ever called by ottier 
procedures. It does not attempt to stiow wfien or wfiy. Each name is 
the title ot a software procedure and is chosen to broadly describe the 
tunctions ot that procedure 



new small pictures, numbers them and if necessary, 
scrolls the entire display. 

All the procedures called by 'Main Body' have 
been kept short so that the main loop cycles as fast as 
possible and 'Main Body' is called often enough to 
respond to new control panel inputs, even before the 
previous operations are complete. Long operations are 
broken up into a set of shorter procedures which are 
called in turn by 'Main Body'. For example, 'Poly 
Update' only plays one small picture at a time before 
returning to 'Main Body'. It is thus possible to edit a 
sequence while the polyphoto display is still changing 
as a result of a previous edit. 

In deciding what to do next 'Main Body' uses 
information provided by the timer interrupt handler 
'IRQ Respond'. Every 10 ms 'IRQ Respond' is called 
by an interrupt and records any data received from the 
control panels before asking for more data. (It also 
checks that the disc is still responding correctly and 
has not hung up because it can't find the required 
sector. If necessary it allocates or uses a spare sector). 

Picture transfer operations are broken up into 
a set of short sub-tasks. Each of these instructs the 
hardware to perform some operation. When the 
operation is complete, the hardware interrupts the 
computer using the FRQ interrupt. The 'FRQ Vec' 
procedure indentifies the source of the interrupt and 
calls the appropriate routine which instructs the 
hardware to perform the next part of the operation. 
Thus, every time the Direct Data Transfer (DDT) 
control logic completes the transfer of a line of picture 
data to/from a semiconductor store, it interrupts the 
computer using the FRQ interrupt. 'DDT Halted' then 
sets the store address registers to the start of the next 
TV line and restarts the DDT. Whenever the disc 
finds the required sector, 'On Sector' computes the 
address of the next sector required and sends it to the 
disc interface thus minimising the delay between the 
transference of successive sectors. At the end of each 
sector 'Off Sector' checks that the next sector is on the 
current track and if necessary, instructs the disc to 
select the next track. If this involves moving the heads 
then disc data operations are suspended until an 'On 
Cylinder' interrupt restarts them. Disc data operations 
are also suspended if (he disc FIFO buffer has 
insufficient space for replay, or data for record. 
Operations are restarted whenever the 'Zero Sector' 
routine detects that is is safe to proceed. 

'Main Body' periodically calls a procedure 
called 'Do Background' which transfers control to a 
separate task called 'Background'. The procedures in 
'Background' all take a considerable time to run, so 
they each periodically call 'Do Main Body' to transfer 
control back. Thus the time-consuming background 
tasks are performed invisibly. 
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There are three background tasks: 

1 'File Status' records the status tables on 
the disc whenever they are changed by, 
for example, recording a picture to a new 
location, editing the sequence, or the 
discovery of a bad disc sector. 

2 'Shrink' creates small versions of the 
stored pictures to be used in the 
polyphoto display. It reads piaure data 
from the disc, processes it (as described 
in Section 7.2) and records the resulting 
small picture data back on the disc. The 
whole process takes about 1 minute. 

3 'Repair' tests any disc sectors which have 
been found to give problems during 
previous disc operations. If its tests 
confirm the problem then it attempts to 
repair the sector by rewriting its address 
header and data areas. If this fails to cure 
the problem, then it labels the sector as 
faulty so that any subsequent attempt to 
use it will automatically result in the use 
of a substituted spare sector. 

7. Picture processing 

7.1 Ciean-up 

Because each TV frame is made up of two 
interlaced fields scanned at slightly different times, any 
moving object in a grabbed picture flickers at frame 
rate between its two positions on the two fields. Also, 
decoded PAL or NTSC inputs may contain residual 
cross luminance (subcarrier dots) and cross colour (h.f. 
luminance misinterpreted as chrominance). These 
'footprints' of the colour coding process cause serious 
flickering beat patterns when the picture is subsequently 
recoded for transmission and then decoded in a 
domestic receiver. 

Slide File software provides a set of 10 clean- 
up operations, which the operator can use to remove, 
or at least reduce, these effects. The most commonly 
used, are 'Adaptive' for moving inputs and 'PAL' and 
'NTSC for decoded inputs. AH these processes are 
carried out by the computer which processes the 
preview picture in vertical columns. They take 
between 10 and 50 seconds and when Hnished the 
cleaned up picture is automatically recorded on the 
disc at the scratch pad location. The different clean-up 
modes are described below. 

Frame Average (Clean-up Modes 8 and 9): 

This process replaces each picture sample with 
the average of itself and the same sample from 
either the line above (Mode 8) or line below 



(Mode 9). Since the two samples come from 
different fields, the effect is to average the two 
fields and thus eliminate fhcker. However, this 
blurs moving objects and slightly softens 
vertical detail. 

Field Repeat (Clean-up Modes 4 and 5): 

This replaces the second field with a copy of 
the first (Mode 4) or the first with a copy of 
the second (Mode 5), This successfully removes 
one of the two images of a moving object and 
thus eliminates flicker without blurring. How- 
ever it reduces the vertical definition, which 
causes diagonal straight lines to become 
castellated. It also makes the entire picture 
appear to hop up and down at frame rate 
because the one field is displayed alternately in 
two positions. 

Field Interpolate (Clean-up Modes 6 and 7): 

This interpolates two new fields from one of 
the two original fields. (Mode 6 uses the first 
field, Mode 7 uses the second). Each line of 
the first output field uses % of the line above 
and '/4 of the hne below. The other output field 
uses V4 of the line above and % of the line 
below. This removes hop but softens the 
picture vertically. (It can be shown that it is 
equivalent to a field repeat followed by two 
frame averages). It has little effect on the 
castellation of diagonal edges, which is caused 
by the loss of information from the other field. 

Adaptive (Clean-up Modes 2 and 3): 

This performs a field repeat only on moving 
areas of the picture,* stationary areas being left 
unaltered. Movement is detected by comparing 
each sample from one field with samples from 
the two closest lines from the other field, i.e. 
those immediately above and below it. Any 
differences between these three samples may be 
due not only to movement but also to vertical 
detail. However, for stationary edges, we 
would normally expect the value of the signal 
from the middle line to lie somewhere between 
the values of the signals above and below. This 
is illustrated in Fig. 16 which shows the 
waveforms which might be obtained from an 
object with one stationary and one moving 
edge. 

The signal from the middle line is left 
unchanged provided it lies in the range 
between the values of the signals above and 
below. If the signal lies outside this range, it is 
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clean the other field but would reduce vertical 
resolution even on chrominance free areas). There is 
also an equivalent reduction in cross colour, although 
this is slightly more difficult to explain. 

The PAL/NTSC clean-up operations also remove 
flicker from moving areas, since they stan with a 
frame average. But this blurs motion and does not give 
as good a result as adaptively processing a moving 
RGB input. For this reason, direct RGB inputs should 
be used whenever possible. 
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Fig. !6 - Stationary and Moving Edges, 
(a) Moving Object (b) Waveforms 

replaced by the nearest of the two signal values from 
the other two lines. This effectively performs a field 
repeat in moving areas, leaving stationary areas 
untouched. Mode 2 uses the first field as the reference 
and adaptively replaces the second field. Mode 3 
adaptively replaces the first field using the second as 
reference. In each case the reference field is untouched 

This process effectively removes movement flicker 
without softening or castellating stationary edges. It is 
thus the recommended method of clean-up. 

The use of field repeal in moving areas can 
occasionally leave a slight hop. This can, if necessary 
be removed by a subsequent field average operation 
which removes this hop, and any interlace twitter on 
very fine detail, at the expense of a slight, but usually 
acceptable, loss of vertical detail. 

PAL/NTSC (Clean-up Modes and I): 

This is equivalent to, but faster than a frame average 
followed by an adaptive clean up. The frame average 
creates two new output fields; one of them is the 
average of samples 312 lines apart; the other the 
average of lines 313 lines apart. The subcarrier phase 
is inverted on lines 312 lines apart in PAL and on 
lines 313 lines apart on NTSC, Thus frame average 
removes subcarrier dots from one of the two fields in 
each system. The subsequent adaptive clean-up uses 
this clean field as a reference and cleans up the other 
field (A field repeat or field interpolate would also 



7.2 Shrink 

The polyphoto display (Fig. 5) is assembled in 
the preview store from a set of one-sixth normal size 
pictures held on disc. The small pictures are created in 
two stages. 

Immediately after a big picture is recorded on 
the disc, an initial small version is created by 
transferring every fifth byte of every fifth line from 
picture store to disc. (The use of every fifth, rather 
than every sixth byte, maintains the correct YUV 
multiplex pattern). The transfer is performed by the 
high speed Direct Data Transfer hardware and only 
adds Vi second to the 1 second taken to transfer the 
big picture. 

The resulting small pictures have been sub- 
sampled without any form of pre-filtering. They can 
therefore exhibit severe moire patterning due to 
aliasing of high frequency detail. But they are easily 
recognisable and provide a useful stop-gap display 
until they are replaced by higher quahty computer 
processed small pictures. 

Aliasing is reduced by pre-filtering the big 
picture data before subsampling. This means that each 
sample of the small picture is formed as a weighted 
sum of several samples from the big picture. Many 
different weighting functions are possible, some of 
them extremely complex. 

The simplest technique is to average a 6 X 6 
block of samples. This was found to reduce aliasing to 
an acceptable level without too great a loss of 
resolution. Some aliasing is noticeable on special test 
patterns such as zone plates' but not on normal 
pictures. It appears that aliasing is less noticeable on 
stationary pictures since there is no relative motion 
between picture and alias to attract the viewer's 
attention. What the viewer does notice, however, is 
interlace twitter caused by the large amount of vertical 
detail present in miniaturised pictures. It was found to 
be essential to remove this by adding a frame average 
clean-up operation to the 6 X 6 block average. 
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These operations are performed by the com- 
puter as a background task (see Section 6.4). 

8. Conclusions 

Slide File is a store of digital TV stills designed 
to largely replace slide scanners in TV studios. Its 
control ergonomics have been designed to provide 
quick easy access to a limited number of stills for 
studio use rather than as a large library system. The 
two standard models hold 84 or 172 pictures on an 8" 
Winchester disc, with an access time of 1 second. 
Longer term storage is provided by streaming tape 
cartridges which hold up to 74 pictures each. These 
load or save each picture in about 13 seconds or all 
74 in about 20 minutes. The ergonomics have been 
carefully considered to make the most commonly used 
operations, such as cut, mix or fade, very easy to 
perform and to make the most dangerous operations 
such as record, difficult to perform unintentionally. 

Searching for a particular picture can be 
performed quickly by using the polyphoto display of 
30 pictures at a time, which can scroll forwards and 
backwards through the library of pictures. The pictures 
can be edited into a sequence, which can also be 
displayed as a polyphoto, which reflects editing 
changes as they are made. 

Pictures are stored in digital YUV form using 
the 4:2:2 coding standard given in CCIR Rec 601. It 
will be easy to add digital interface circuitry when it 
becomes necessary to connect to other digital 
equipment. A digital interface, conforming to CCIR 
Rec 601, is available as an option. In the meantime, 
outputs and inputs are converted to and from 
analogue RGB by all-digital matrixing, filtering and 
multiplexing circuitry, which provides the highest 
quality conversion. Once in digital 
YUV form, the picture quality is completely unaffeaed 
by any internal picture transfers, including tape 
transfers. 



Grabbed RGB input pictures may be 'cleaned 
up' to remove flicker caused by differences between 
the two fields when moving inputs are grabbed, or to 
remove 'PAL/NTSC footprints' from decoded inputs. 
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